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©  Article  transfer  mechanism. 
©  A  transfer  mechanism  has  a  tool  mounting  surface  mov- 
able  in  a  generally  inverted  U-shaped  path  back  and  forth 
between  spaced  stations  thereby  making  the  mechanism  use- 
ful,  for  example,  as  part  of  a  pick  and  place  device  for  picking 
up  articles  one  at  a  time,  or  in  groups  at  a  time,  from  one  first 
station  and  placing  them  at  the  other  station.  Tu-  '  1  ' 
motion  is  achieved  by  a  first  body  supported  c 
movement  along  a  first  axis  and  a  second  body  : 
the  first  body  for  movement  relative  thereto  ab 
axis  perpendicular  to  the  first  axis.  The  moveme 
bodies  along  their  respective  axes  is  achievec 
oscillating  crank  arm  engageable  with  both  boc 
manner  as  to  obtain  a  smooth  gentle  acceleratic 
eration  of  the  two  bodies  with  a  minimum  amoi 
force  and  capable  of  providing  a  short  cycle  tim 
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@ A  transfer  mechanism  has  a  tool  mounting  surface  mov- 
able  in  a  generally  inverted  U-shaped  path  back  and  forth 
between  spaced  stations  thereby  making  the  mechanism  use- 
ful,  for  example,  as  part  of  a  pick  and  place  device  for  picking 
up  articles  one  at  a  time,  or  in  groups  at  a  time,  from  one  first 
station  and  placing  them  at  the  other  station.  The  U-shaped 
motion  is  achieved  by  a  first  body  supported  on  a  base  for 
movement  along  a  first  axis  and  a  second  body  supported  on 
the  first  body  for  movement  relative  thereto  about  a  second 
axis  perpendicular to  the  first  axis.  The  movement  of the  two 
bodies  along  their  respective  axes  is  achieved  by  a  single 
oscillating  crank  arm  engageable  with  both  bodies  in  such  a 
manner  as  to  obtain  a  smooth  gentle  acceleration  and  decel- 
eration  of the  two  bodies  with  a  minimum  amount  of  driving 
force  and  capable  of  providing  a  short  cycle  time  if  desired. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  t r a n s f e r   d e v i c e   h a v -  

ing  a  t o o l   m o u n t i n g   s u r f a c e   m o v a b l e   in  a  g e n e r a l l y   i n v e r t -  

ed  U - s h a p e d   p a t h   b e t w e e n   two  s t a t i o n s ,   and  d e a l s   m o r e  

p a r t i c u l a r l y   w i t h   such   a  d e v i c e   h a v i n g   an  i m p r o v e d   m e a n s  

fo r   o b t a i n i n g   such   U - s h a p e d   p a t h   of  m o v e m e n t .  

The  t r a n s f e r   m e c h a n i s m   of  t h i s   i n v e n t i o n   may  b e  

u s e d   in  v a r i o u s   d i f f e r e n t   a p p l i c a t i o n s   w h e r e   i t   i s   d e s i r e d  

to  move  a  p a r t   or  o t h e r   t h i n g   f rom  one  s t a t i o n   to  a n o t h e r .  

I t   was  i n i t i a l l y   d e s i g n e d ,   and  is   so  shown  h e r e i n ,   fo r   u s e  

as  p a r t   of  a  p i c k   and  p l a c e   d e v i c e   u s e d   f o r   c o n v e y i n g  

p a r t s   t h r o u g h   a  U - s h a p e d   p a t h   f rom  a  f i r s t   s t a t i o n   to  a 

s e c o n d   s t a t i o n   a s ,   f o r   e x a m p l e ,   in  a s s o c i a t i o n   w i t h   a n  

a u t o m a t i c   a s s e m b l y   m a c h i n e   w h e r e   t he   p a r t s   a r e   s u p p l i e d   by 

a  f e e d e r   to  the   f i r s t   s t a t i o n   and  w h e r e i n   t he   s e c o n d   s t a -  

t i o n   c o n s i t u t e s   a  d e l i v e r y   s t a t i o n   f rom  w h i c h   t he   p a r t   i s  

t a k e n   a u t o m a t i c a l l y   f o r   f u r t h e r   work  or  a s s e m b l y   w i t h  

o t h e r   p a r t s .   The  t r a n s f e r   m e c h a n i s m   i n c l u d e s   a  t o o l  

m o u n t i n g   s u r f a c e   m o v a b l e   in  t h e   d e s i r e d   U - s h a p e d   p a t h   a n d  

when  t h e   m e c h a n i s m   is   u s e d   as  p a r t   of  a  p i c k   and  p l a c e  

d e v i c e   a  s u i t a b l e   t o o l   s u c h   as  a  g r i p p e r ,   v a c u u m   h e a d ,  

e l e c t r o m a g n e t   or  t he   l i k e   i s   a t t a c h e d   to  s u c h   m o u n t i n g  

s u r f a c e   f o r   g r a s p i n g   an  a r t i c l e   a t   t he   f i r s t   s t a t i o n ,   f o r  

h o l d i n g   i t   d u r i n g   m o v e m e n t   to  t he   s e c o n d   s t a t i o n   and  f o r  

r e l e a s i n g   i t   a t   the   s e c o n d   s t a t i o n .  

Among  v a r i o u s   p i c k   and  p l a c e   d e v i c e s   p r o p o s e d   i n  

the  p a s t   an  e x e m p l a r y   one  i s   shown  by  U.S .   P a t e n t   N o .  

4 , 0 9 5 , 6 9 9 .   Such  d e v i c e s   g e n e r a l l y   a r e   e x p e c t e d   to  p e r f o r m  



t h e i r   o p e r a t i o n s   t h r o u g h   t h o u s a n d s   or  m i l l i o n s   of  c y c l e s  

and  t h e r e f o r e   s h o u l d   be  of  a  r u g g e d ,   r e l i a b l e   c o n s t r u c t i o n  

and  d r i v a b l e   w i t h   a  min imum  amoun t   of  p o w e r .   The  g e n e r a l  

o b j e c t   of  t h i s   i n v e n t i o n   i s ,   t h e r e f o r e ,   to  p r o v i d e   such   a  

d e v i c e   w h i c h   i s   of  s u c h   a  c o n s t r u c t i o n   and  y e t   i s   c a p a b l e  

of  b e i n g   r e l a t i v e l y   e a s i l y   and  e c o n o m i c a l l y   m a n u f a c t u r e d  

w h i l e   b e i n g   of  v e r y   s m o o t h   o p e r a t i o n .   T h a t   i s ,   in  t h e  

d e v i c e   of  t h e   i n v e n t i o n   t h e   a c c e l e r a t i o n   and  d e c e l e r a t i o n  

of  t h e   t o o l   m o u n t i n g   s u r f a c e   i s   q u i t e   s m o o t h   so  as  t o  

a v o i d   or  m i n i m i z e   s h o c k s   and  v i b r a t i o n   and  to  a l l o w   t h e  

d e v i c e   to  be  d r i v e n   w i t h   a  low  a m o u n t   of  d r i v i n g   f o r c e .  

A n o t h e r -  o b j e c t   o f  t h e   i n v e n t i o n   i s   to  p r o v i d e   a  

t r a n s f e r   m e c h a n i s m   of  t h e   a b o v e   c h a r a c t e r   w h e r e i n   t h e r e   i s  

no  p o s s i b i l i t y   of  t h e   m o t i o n s   of  t h e   m o v a b l e   p a r t s   g e t t i n g  

o u t   of  s e q u e n c e   r e l a t i v e   to   one  a n o t h e r .  

A l s o ,   a  more   s p e c i f i c   o b j e c t   of  t h e   i n v e n t i o n   i s  

to  p r o v i d e   a  t r a n s f e r   m e c h a n i s m   of  t h e   a b o v e   c h a r a c t e r  

h a v i n g   two  b o d i e s   s l i d a b l e   in  two  c o o r d i n a t e   d i r e c t i o n s  

and  d r i v e n   by  a  common  c r a n k   arm  in  s u c h   a  m a n n e r   t h a t  

t h e i r   m o t i o n s   a l o n g   t h e i r   r e s p e c t i v e   a x e s   c o n s i s t   e s s e n -  

t i a l l y   of  s i m p l e   h a r m o n i c   m o t i o n s .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e  i n v e n t i o n  

w i l l   be  a p p a r e n t   f r o m   t h e   f o l l o w i n g   d e s c r i p t i o n  o f   a  p r e -  

f e r r e d   e m b o d i m e n t   t a k e n   in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y -  

i ng   d r a w i n g s .  

The  i n v e n t i o n   r e l a t e s   to   a  t r a n s f e r   m e c h a n i s m ,  

u s e f u l   as  p a r t   of  a  p i c k   and  p l a c e   d e v i c e ,   h a v i n g   a  t o o l  

m o u n t i n g   s u r f a c e   m o v a b l e   a l o n g   an  i n v e r t e d   U - s h a p e d   p a t h  



e x t e n d i n g   in  two  c o o r d i n a t e   d i r e c t i o n s   b e t w e e n   two  s p a c e d  

end  s t a t i o n s   and  w h e r e i n   a  f i r s t   body  is   m o v a b l e   r e l a t i v e  

to  a  b a s e   a l o n g   a  f i r s t   a x i s   and  a  s e c o n d   b o d y ,   p r o v i d i n g  

the   t o o l   m o u n t i n g   s u r f a c e ,   is  s u p p o r t e d   on  t he   f i r s t   b o d y  

for   m o v e m e n t   r e l a t i v e   to  i t   a l o n g   a  s e c o n d   a x i s   p e r p e n d i -  

c u l a r   to  t he   f i r s t   a x i s .   The  i n v e n t i o n   in  t u r n   r e s i d e s   i n  

a  n o v e l   means   f o r   m o v i n g   the   f i r s t   and  s e c o n d   b o d i e s   r e l a -  

t i v e   to  t he   b a s e   and  r e l a t i v e   to  one  a n o t h e r   to  a c h i e v e  

the   d e s i r e d   m o t i o n   of  t h e   t o o l   m o u n t i n g   s u r f a c e   w i t h   s u c h  

means   i n c l u d i n g   a  s i n g l e   o s c i l l a t i n g   c r a n k   arm  e n g a g e a b l e  

wi th   b o t h   of  t he   b o d i e s   f o r   mov ing   them  w i t h   s i m p l e   h a r -  

m o n i c   m o t i o n   a l o n g   t h e i r   r e s p e c t i v e   a x e s .  

S t i l l   more  p a r t i c u l a r l y   t he   i n v e n t i o n   r e s i d e s   i n  

the   means   f o r   mov ing   t he   f i r s t   and  s e c o n d   b o d i e s   i n c l u d i n g  

two  s e p a r a t e   p r o t r u d i n g   m e m b e r s ,   such   as  r o l l e r s ,   on  t h e  

c r a n k   arm,   w i t h   the   f i r s t   of  the   p r o t r u d i n g   m e m b e r s   b e i n g  

r e c e i v e d   b e t w e e n   two  p a r a l l e l   s u r f a c e s   on  t h e   f i r s t   b o d y  

and  w i t h   the   o t h e r   p r o t r u d i n g   member  b e i n g   r e c e i v e d   b e -  

tween  two  p a r a l l e l   s u r f a c e s   on  the   s e c o n d   body   w i t h   t h e  

p a r a l l e l   s u r f a c e s   of  t h e   f i r s t   body  b e i n g   p e r p e n d i c u l a r   t o  

the   a x i s   a l o n g   w h i c h   t h e   f i r s t   b o d y  m o v e s   and  w i t h   t h e  

p a r a l l e l   s u r f a c e s  o f   t h e   s e c o n d   body  b e i n g   p e r p e n d i c u l a r  

to  the   a x i s   a l o n g   w h i c h   t h e   s e c o n d   body  moves   w h e r e b y   t h e  

e n g a g e m e n t  o f   t he   p r o t r u d i n g   members   w i t h   t h e   p a r a l l e l  

s u r f a c e s   m o v e s  t h e   b o d i e s   a l o n g   t h e i r   a x e s   in  r e s p o n s e   t o  

t he   r o t a t i o n a l   m o v e m e n t   of  t he   c r a n k   a r m .  

T h e   i n v e n t i o n   f u r t h e r   r e s i d e s   more  s p e c i f i c a l l y  

in  t he   p a r a l l e l   s u r f a c e s   of  the   s e c o n d   body  and  t he   a s s o -  



c i a t e d   p r o t r u d i n g   member  of  t he   c r a n k   arm  b e i n g   so  a r r a n g -  

ed  t h a t   t h e   p r o t r u d i n g   member  i s   r e c e i v e d   b e t w e e n   s u c h  

p a r a l l e l   s u r f a c e s ,   and  d r i v e s   t he   s e c o n d   b o d y ,   d u r i n g   o n l y  

a  p o r t i o n   of   e a c h   f o r w a r d   and  r e t u r n   s t r o k e   of  the   c r a n k  

a rm,   w i t h   t h e   b a s e   and  s e c o n d   body  i n c l u d i n g   c o e n g a g e a b l e  

means   w h i c h   r e s t r a i n   t h e   s e c o n d   body  a g a i n s t   m o v e m e n t  

r e l a t i v e   to   t h e   f i r s t   body  d u r i n g   t h o s e   t i m e s   when  t h e  

p a r a l l e l   s u r f a c e s   of  t h e   s e c o n d   body  a r e   o u t   of  e n g a g e m e n t  

w i t h   t h e   a s s o c i a t e d   p r o t r u d i n g   member  of  t h e   c r a n k   a r m .  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  a  p i c k   and  p l a c e  

d e v i c e   i n c l u d i n g   a  t r a n s f e r   m e c h a n i s m   e m b o d y i n g   t h i s   i n -  

v e n t i o n .  

F i g .   2  i s   a  top   v iew  of  t h e   t r a n s f e r   m e c h a n i s m   o f  

F i g .   1 .  

F i g .   3  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of  the   t r a n s -  

f e r   m e c h a n s i m   of  F i g .   1 .  

F i g .   4  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i ew  t a k e n   o n  

t h e   l i n e   4-4  of  F i g .   3 .  

F i g .   5  i s   a  v iew  p a r t i a l l y   s c h e m a t i c   and  p a r t i a l -  

ly   in  s e c t i o n   s h o w i n g   t h e   a c t u a t i n g   s y s t e m   f o r   the   t r a n s -  

f e r   m e c h a n i s m   of  F i g .   1 .  

F i g s .   6  t h r o u g h   10  a r e   r e d u c e d   s c a l e   f r o n t   e l e v a -  

t i o n a l   v i e w s ,   s i m i l a r   to  F i g .   3,  w i t h   some  p a r t s   b e i n g  

shown  b r o k e n   a w a y ,   s h o w i n g   in  s e q u e n c e   t h e   p o s i t i o n s   t a k e n  

by  v a r i o u s   p a r t s   of  t h e   m e c h a n i s m   as  t h e   m e c h a n i s m   u n d e r -  

goes   one  h a l f   of  a  c y c l e   of  o p e r a t i o n .  

R e f e r r i n g   to   F i g .   1,  a  t r a n s f e r   m e c h a n i s m   e m b o d y -  

ing  t h e   p r e s e n t   i n v e n t i o n   i s   shown  c o n f i g u r e d   as  a  p i c k  



and  p l a c e   d e v i c e   12  u sed   in  an  a u t o m a t i c   a s s e m b l y   e n v i r o n -  

ment   in  wh ich   i t   t r a n s f e r s   p a r t s   14,  14  one  a t   a  t ime   f r o m  

a  s u p p l y   s t a t i o n   i n d i c a t e d   g e n e r a l l y   a t   16  to  r e c e i v e r s  

18,   18  on  an  i n d e x i n g   t u r r e t   20.  In  o p e r a t i o n   the   t u r r e t  

20  p o s i t i o n s   one  r e c e i v e r   18  at   a  p a r t   r e c e i v i n g   s t a t i o n  

22,   t he   p i c k   and  p l a c e   d e v i c e   12  t h e n   t r a n s f e r s   one  p a r t  

14  from  t he   s u p p l y   s t a t i o n   16  to  the   r e c e i v e r   18  a t   a  

d e l i v e r y   s t a t i o n ,   and  t h e n   the   d e v i c e   12  r e t u r n s   to  p i c k  

up  a  new  p a r t   a t   t he   s u p p l y   s t a t i o n   16  w h i l e   t h e   t u r r e t   20 

i n d e x e s   to  b r i n g   a  new  r e c e i v e r   18  to  t he   d e l i v e r y   s t a -  

t i o n ,   and  the   c y c l e   i s   t h e n   a g a i n   r e p e a t e d .   The  d e v i c e   1 2  

has   a  t o o l   m o u n t i n g   s u r f a c e   24  to  w h i c h   i s   a t t a c h e d ,   b y  

means  of  a  b r a c k e t   26,  a  p i c k - u p   head   in  t h e   fo rm  of  a  

g r i p p e r   28.  The  s t r u c t u r e   of  such   p i c k - u p   head   may,  o f  

c o u r s e ,   v a r y   w i d e l y   d e p e n d i n g   on  t he   n a t u r e   of  t he   p a r t s  

b e i n g   h a n d l e d .   For  e x a m p l e ,   h o w e v e r ,   in  t h e   i l l u s t r a t e d  

c a s e   the   p a r t s   14,  14  a r e   shown  to  be  t u b u l a r   c y l i n d r i c a l  

o n e s   and  the   g r i p p e r   28  is   shown  to  be  one  h a v i n g   t w o  

r e l a t i v e l y   m o v a b l e   f i n g e r s   30,  30  w h i c h   may  be  i n s e r t e d  

i n t o   the   b o r e   of  an  a r t i c l e   and  s p r e a d   a p a r t   to  g r a s p   i t  

and  remove   i t   f rom  the   s u p p l y   s t a t i o n   16  and  w h i c h   may  

l a t e r   be  moved  t o g e t h e r   to  r e l e a s e   t he   a r t i c l e   a f t e r   i t  

has   been   moved  to  and  p l a c e d   in  t he   a w a i t i n g   r e c e i v e r   18  

a t   t he   d e l i v e r y   s t a t i o n   22.  A s  e x p l a i n e d   in  more  d e t a i l  

h e r e i n a f t e r   t he   t o o l   m o u n t i n g   s u r f a c e   24,  and  t h e r e f o r e  

t he   a t t a c h e d   g r i p p e r   28,  moves  in  an  i n v e r t e d   U - s h a p e d  

p a t h   so  t h a t   in  mov ing   f rom  t he   s u p p l y   s t a t i o n   16  to  t h e  

d e l i v e r y   s t a t i o n   22  a  p a r t   14  is   f i r s t   moved  u p w a r d l y   f r o m  



t he   s u p p l y   s t a t i o n ,   t h e n   moved  l a t e r a l l y   or  h o r i z o n t a l l y  

t o w a r d   t h e   d e l i v e r y   s t a t i o n   22  and  t h e n   f i n a l l y   m o v e d  

d o w n w a r d l y   to   t h e   d e l i v e r y   s t a t i o n .   A p a r t   f rom  t he   b r a c k -  

e t   26  and  g r i p p e r   28  a t t a c h e d   to  t h e   t o o l   m o u n t i n g   s u r f a c e  

24  t he   r e m a i n d e r   of  t h e   d e v i c e   12  may  be  c o n s i d e r e d   a  

b a s i c   t r a n s f e r   m e c h a n i s m   fo r   m o v i n g   v a r i o u s   t h i n g s   in  a n  

i n v e r t e d   U - s h a p e d   p a t h   and  v a r i o u s   d i f f e r e n t   p i c k u p   h e a d s ,  

t o o l s   or  t h e   l i k e   may  be  a t t a c h e d   to  t h e   t o o l   m o u n t i n g  

s u r f a c e   24  to   a d a p t   t h e   t r a n s f e r   m e c h a n i s m   to  d i f f e r e n t  

s i t u a t i o n s .  

R e f e r r i n g   now  to  a l l   of  F i g s .   1  to   4  f o r   a  m o r e  

d e t a i l e d   d e s c r i p t i o n  o f  t h e   t r a n s f e r   m e c h a n i s m   p o r t i o n   o f  

the   d e v i c e   12  of  F i g .   1,  t he   m e c h a n i s m   i n c l u d e s   a  b a s e  

c o n s i s t i n g   of  a  h o r i z o n t a l   p l a t e   32  and  a  v e r t i c a l   p l a t e  

34  f i x e d   to   one  a n o t h e r .   A  f i r s t   body   36  is  s u p p o r t e d   f o r  

m o v e m e n t   r e l a t i v e   to  t h e   b a s e   a l o n g   a  v e r t i c a l   or  Z - a x i s ,  

i n d i c a t e d   by  t h e   a r r o w   38  and  a  s e c o n d   body   40  i s   s u p p o r t -  

ed  by  t h e   f i r s t   body   36  fo r   m o v e m e n t   r e l a t i v e   to  i t   a l o n g  

a  h o r i z o n t a l   or  X - a x i s ,   i n d i c a t e d   by  t he   a r r o w   42,  f i x e d  

to  t he   f i r s t   b o d y .  

The  f i r s t   body  36  i n c l u d e s   a  b l o c k   44  s u p p o r t e d  

f o r   m o v e m e n t   r e l a t i v e   to  t he   b a s e   a l o n g   t h e   Z - a x i s   by  t w o  

v e r t i c a l   g u i d e   r o d s   46,  46  f i x e d   r e l a t i v e   to  t he   b a s e  

p l a t e   34  as  shown  by  b r a c k e t s   43  and  45.   In  a d d i t i o n   t o  

the   b l o c k   44  t h e   f i r s t   body  36  a l s o   i n c l u d e s   a  h o r i z o n t a l  

arm  48  f i x e d   to  t h e   b l o c k   44  t h r o u g h   an  i n t e r m e d i a t e   p i e c e  

50.  F i x e d   to   t h e   r i g h t - h a n d   end  of  t h e   arm  48,   as  s e e n   i n  

F i g s .   1,  2  and  3,  a r e   two  v e r t i c a l l y   s p a c e d   p l a t e s   52 ,   5 2  



and,   as  s e e n   b e s t   in  F i g .   4,  t h e s e   p l a t e s   e x t e n d   i n w a r d l y  

beyond  the   arm  48  and  t o w a r d   the   v e r t i c a l   b a s e   p l a t e   34  t o  

p r o v i d e   two  p a r a l l e l   s u r f a c e s   54,  54  f a c i n g   one  a n o t h e r  

and  a r r a n g e d   p a r a l l e l   to  t he   h o r i z o n t a l   X - a x i s   4 2 .  

The  s e c o n d   body  40  is   made  up  of  a  head   56,  t w o  

h o r i z o n t a l   g u i d e   r o d s   58,  58  and  an  end  p i e c e   60  a l l  

r i g i d l y   f i x e d   to  one  a n o t h e r .   The  head   56  and  t he   e n d  

p i e c e   60  a r e   b o t h   in  t he   fo rm  of  r e l a t i v e   t h i c k   p l a t e s   a n d  

the   head   56  p r o v i d e s   t he   t o o l   m o u n t i n g   s u r f a c e   24.  T h e  

two  g u i d e   r o d s   58,  58  a r e   s l i d a b l y   r e c e i v e d   by  the   b l o c k  

44  of  t he   f i r s t   body  36  to  s u p p o r t   t he   body  40  f o r   m o v e -  

ment  a l o n g   t h e   X - a x i s   42  r e l a t i v e   to  t h e   f i r s t   b o d y .  

A t t a c h e d   to  t h e   l o w e r   end  of  t he   end  p i e c e   60  a re   t w o  

h o r i z o n t a l l y   s p a c e d   p l a t e s   62,  62.  As  shown  b e s t   in  F i g .  

2,  the   two  p l a t e s   62,  62  e x t e n d   f o r w a r d l y   b e y o n d   t h e   e n d  

p i e c e   62  to  p r o v i d e   two  p a r a l l e l   s u r f a c e s   64,  64  f a c i n g  

one  a n o t h e r   and  a r r a n g e d   p a r a l l e l   to  t h e   v e r t i c a l   Z - a x i s  

38.  The  two  p l a t e s   62,  62  a l s o   e x t e n d   r e a r w a r d l y   b e y o n d  

the   end  p i e c e   60,  as  shown  in  F i g .   2,  to  p r o v i d e   t w o  

a d d i t i o n a l   p a r a l l e l   s u r f a c e s   66,  66  f a c i n g   one  a n o t h e r  

and  a r r a n g e d   p a r a l l e l   to  t he   v e r t i c a l   Z - a x i s   3 8 .  

The  f i r s t   and  s e c o n d   b o d i e s   36  and  40  a r e   m o v e d  

a l o n g   t h e i r   r e s p e c t i v e   Z-  and  X - a x e s   by  a  s i n g l e   c r a n k   a r m  

68  r o t a t a b l e   a b o u t   a  t h i r d   a x i s   70  f i x e d   r e l a t i v e   to  t h e  

b a s e   and  p e r p e n d i c u l a r   to  t h e   X-  and  Z - a x e s .   More  p a r t i -  

c u l a r l y ,   as  shown  in  F i g .   4,  t he   c r a n k   arm  68  i s   f i x e d   t o  

a  d r i v e   s h a f t   72  r o t a t a b l y   s u p p o r t e d   f o r   r o t a t i o n   a b o u t  

the  a x i s   70  by  a  b e a r i n g   74  c a r r i e d   by  a  h o u s i n g   76  a t -  



t a c h e d   to  t h e   v e r t i c a l   b a s e   p l a t e   34.  W i t h i n   the   h o u s i n g  

76  t h e   d r i v e   s h a f t   72  is   c o n n e c t e d   by  a  c o u p l i n g   78  to  t h e  

o u t p u t   s h a f t   80  of  a  r o t a r y   a c t u a t o r   82  d e s c r i b e d   in  m o r e  

d e t a i l   h e r e i n a f t e r .   The  a c t u a t o r   is   s u c h   t h a t   t he   o u t p u t  

s h a f t   80,  and  t h e r e f o r e   a l s o   t he   d r i v e   s h a f t   72,   is  r e p e -  

t i t i v e l y   o s c i l l a t e d   t h r o u g h   c y c l e s   e a c h   of  w h i c h   c y c l e s  

i n c l u d e s   a  f o r w a r d   s t r o k e   of  a p p r o x i m a t e l y   3 6 0 °   and  a  

r e t u r n   s t r o k e ,   in  t h e   r e v e r s e   r o t a r y   d i r e c t i o n ,   a l s o   o f  

a b o u t   3 6 0 ° .   F i g .   3  shows   t he   arm  68  in  i t s   0°  p o s i t i o n  -  

t h a t   i s ,   t h e   p o s i t i o n   a s s u m e d   a t   t he   b e g i n n i n g   of  a  c y c l e  

of  o p e r a t i o n .  

For  d r i v i n g   b o t h   t h e   f i r s t   body   36  and  the   s e c o n d  

body   40  in  r e s p o n s e   to  t h e   r o t a t i o n   of  t h e   c r a n k   arm  6 8 ,  

t h e   c r a n k   arm  has   two  p r o t r u d i n g   m e m b e r s .   T h e s e   p r o t r u d -  

ing   m e m b e r s   may  t a k e   v a r i o u s   d i f f e r e n t   f o r m s ,   bu t   p r e f e r -  

a b l y   and  as  shown  b o t h   a r e   r o l l e r s ,   i n d i c a t e d   r e s p e c t i v e l y  

a t   84  and  86,  s u p p o r t e d   by  t h e   c r a n k   arm  f o r   r o t a t i o n  

a b o u t   a x e s   f i x e d   to   t h e   c r a n k   arm  and  p a r a l l e l   to  t h e  

c r a n k   arm  r o t a t i o n a l   a x i s   7 0 .  

The  f i r s t   c r a n k   arm  r o l l e r   84  f i t s   b e t w e e n   t h e  

two  p a r a l l e l   s u r f a c e s   54,   54  of  t he   f i r s t   body  36,  a s  

shown  in  F i g .   4,  and  t h e   p l a t e s   52,   52  p r o v i d i n g   t h e  

s u r f a c e s   a r e   of  s u c h   l e n g t h ,   as  s e e n   in   F i g .   3,  t h a t   t h e  

r o l l e r   84  r e m a i n s   b e t w e e n   t h e   s u r f a c e s   54,   54  t h r o u g h o u t  

t h e   f u l l   360°   m o v e m e n t   of  t he   c r a n k   a rm.   T h e r e f o r e ,   i t  

w i l l   be  o b v i o u s   t h a t   as  t h e   c r a n k   arm  moves   back   and  f o r t h  

a b o u t   t he   a x i s   70  in  i t s   360°  f o r w a r d   and  r e t u r n   s t r o k e s  

t he   f i r s t   body  36  w i l l   be  moved  v e r t i c a l l y   a l o n g   the   g u i d e  



rods   46,  46,  in  the   v e r t i c a l   or  Z - c o o r d i n a t e   d i r e c t i o n ,  

w i t h   s i m p l e   h a r m o n i c   m o t i o n .  

As  the   f i r s t   body  36  moves  in  t h e   v e r t i c a l   or  Z -  

a x i s   d i r e c t i o n ,   t he   f i r s t   body  40  moves   w i t h   i t .   The  t w o  

p a r a l l e l   p l a t e s   62,  62  at   t h e i r   l o w e r   e n d s   t e r m i n a t e   in  a  

d o w n w a r d l y   f a c i n g   mouth  67.  The  l o c a t i o n   of  t h i s   mouth   i s  

such  t h a t   when  t h e   c r a n k   arm  68  is   a t   i t s   90°  p o s i t i o n   t h e  

mouth   67  i s   l o c a t e d   in  t he   h o r i z o n t a l   p l a n e   c o n t a i n i n g   t h e  

a x i s   70.  T h a t   i s ,   a t   t h i s   90°  p o s i t i o n   of  t h e   c r a n k   a r m  

the   mouth  67  i s   on  the   same  l e v e l   as  t h e   a x i s   70  and  t h e  

r o l l e r   86  w i l l   be  p o s i t i o n e d   so  as  to  e n t e r   t he   mou th   6 7 .  

T h e r e f o r e ,   d u r i n g   c o n t i n u e d   r o t a t i o n   of  t h e   c r a n k   arm  68  

in  t he   c o u n t e r c l o c k w i s e   d i r e c t i o n   of  F i g .   3,  f rom  i t s   90  

p o s i t i o n   to  i t s   270°  p o s i t i o n ,  t h e   r o l l e r   86  w i l l   r e m a i n  

b e t w e e n   t he   v e r t i c a l   s u r f a c e s   64,  64  and  w i l l   d r i v e   t h e  

f i r s t   body  40  w i t h   s i m p l e   h a r m o n i c   m o t i o n   a l o n g   t he   X  o r  

h o r i z o n t a l   a x i s   42.  When  the   c r a n k   arm  r e a c h e s   t he   270°  

p o s i t i o n   t h e   mou th   67  w i l l   a g a i n   be  l o c a t e d   a t   t he   s a m e  

l e v e l   as  t h e   a x i s   70  and  the   r o l l e r   86  w i l l   be  p o s i t i o n e d  

so  as  to  l e a v e   t he   mouth   67.  T h e r e a f t e r   as  t h e   c r a n k   a r m  

moves  f rom  t h e   270°   p o s i t i o n   to  t h e   360°  p o s i t i o n   t h e  

r o l l e r   86  w i l l   no  l o n g e r   be  b e t w e e n   t h e   s u r f a c e s   64,   64 

and  w i l l   no  l o n g e r   move  the   s e c o n d   body  40  a l o n g   t h e   X -  

a x i s .  

From  the   f o r e g o i n g   i t   w i l l   be  u n d e r s t o o d   t h a t   a s  

the   c r a n k   arm  68  moves  c o u n t e r c l o c k w i s e   in  a  f o r w a r d  

s t r o k e   f rom  t he   0°  p o s i t i o n   shown  in  F i g .   3,  t he   r o l l e r   86  

w i l l   be  o u t   of  e n g a g e m e n t   w i t h   t h e   p a r a l l e l   s u r f a c e s   6 4 ,  



64  d u r i n g   the  f i r s t   90°  of  i t s   m o t i o n   and  t h e r e f o r e   w i l l  

h a v e   no  e f f e c t   on  m o v i n g   t he   s e c o n d   body  40  a l o n g   t he   X-  

a x i s .   As  the   c r a n k   arm  moves  from  the  90°  p o s i t i o n   to  t h e  

270°  p o s i t i o n   t he   r o l l e r   86  w i l l   e n g a g e   t h e   p a r a l l e l  

s u r f a c e s   64,   64  and  w i l l   move  the   f i r s t   body  w i t h   s i m p l e  

h a r m o n i c   m o t i o n   to  t h e   l e f t   in  F i g .   3.  As  t h e   c r a n k   a r m  

moves   f r o m   t he   270°  p o s i t i o n   to  t he   360°  p o s i t i o n   t h e  

r o l l e r   86  w i l l   a g a i n   be  f r e e   of  the   p a r a l l e l   s u r f a c e s   6 4 ,  

64  and  w i l l   h a v e   no  e f f e c t   on  movemen t   of  t h e   s e c o n d   b o d y  

a l o n g   t h e   X - a x i s .   D u r i n g   t h e   r e v e r s e   r o t a t i o n   of  t h e  

c r a n k   arm  in  i t s   r e t u r n   s t r o k e   i t   w i l l   h a v e   no  e f f e c t   on  

t he   X - a x i s   m o v e m e n t   of  t h e   s e c o n d   body  as  i t   moves   f r o m  

360°  to   2 7 0 ° ,   t h e   r o l l e r   86  w i l l   t h e n   e n t e r   b e t w e e n   t h e  

p a r a l l e l   s u r f a c e s   64,   64  and  move  the   s e c o n d   body   to  t h e  

r i g h t   as  t h e   c r a n k   arm  moves   f rom  the   270°  p o s i t i o n   to  t h e  

90°  p o s i t i o n ;   and  t h e n   a t   t h e   90°  p o s i t i o n   t h e   r o l l e r   86 

w i l l   l e a v e   t he   p a r a l l e l   s u r f a c e s   64,  64  and  w i l l   have   n o  

e f f e c t   on  the   m o t i o n   of  t he   body  as  t h e   c r a n k   arm  m o v e s  

f r o m   t h e   90°  p o s i t i o n   to  t h e   0°  p o s i t i o n .  

Means  a r e   p r o v i d e d   f o r   p r e v e n t i n g   t h e   s e c o n d   b o d y  

40  f r o m   m o v i n g   a l o n g   t h e   X - a x i s ,   and  r e s t r a i n i n g   i t   t o  

m o v e m e n t   a l o n g   t h e   Z - a x i s   a l o n g   w i t h   t h e   f i r s t   body  3 6 ,  

w h i l e   t he   c r a n k   arm  36  moves   in  the   f i r s t   and  f o u r t h  

q u a d r a n t s   of  i t s   m o t i o n  -   t h a t   i s ,   as  t he   c r a n k   arm  m o v e s  

b e t w e e n   0°  and  90°  and  b e t w e e n   270°  and  3 6 0 ° .   T h i s   m e a n s  

f o r   so  r e s t r a i n i n g   t h e   m o t i o n   of  the   s e c o n d   body   c o m p r i s e s  

two  a d d i t i o n a l   p r o t r u d i n g   members   f i x e d   to  t h e   b a s e .  

A g a i n   t h e s e   p r o t r u d i n g   m e m b e r s   may  t a k e   v a r i o u s   d i f f e r e n t  



fo rms   but   p r e f e r a b l y   and  as  shown  a re   two  r o l l e r s   88  a n d  

90  r e s p e c t i v e l y   w h i c h   a re   r o t a t a b l y   a b o u t   a x e s   p a r a l l e l   t o  

the  c r a n k   arm  a x i s   70  and  wh ich   a x e s   a r e   a l s o   l o c a t e d   i n  

the   same  h o r i z o n t a l   p l a n e   as  t he   a x i s   70.  T h e s e   two  b a s e  

m o u n t e d   r o l l e r s   88  and  90  c o o p e r a t e   w i t h   t he   two  r e a r w a r d  

v e r t i c a l   p a r a l l e l   s u r f a c e s   66,  66  of  t h e   s e c o n d   body  4 0 .  

The  two  s u r f a c e s   66,  66  have   a  d o w n w a r d l y   f a c i n g   mouth   o n  

t he   same  l e v e l ,   r e l a t i v e   to  t he   s e c o n d   body  40,  as  t h e  

mouth  67  of  t he   s u r f a c e s   64,  64.  T h e r e f o r e ,   d u r i n g   t h e  

t ime   the   c r a n k   arm  r o t a t e s   f rom  i t s   0°  to  i t s   90°  p o s i t i o n  

the   r o l l e r   88  is  r e c e i v e d   b e t w e e n   t h e   s u r f a c e s   66,  66  a n d  

r e s t r a i n s   the   s e c o n d   body  40  to  v e r t i c a l   m o t i o n   r e l a t i v e  

to  the   ba se   a l o n g   w i t h   t he   f i r s t   body  36.   At  t he   90° 

p o s i t i o n   of  t he   c r a n k   arm  t he   r o l l e r   88  l e a v e s   t he   s u r -  

f a c e s   66,  66  a t   t he   same  t ime   as  t h e   c r a n k   arm  r o l l e r   86  

e n t e r s   the   s u r f a c e s   64,  64,  and  t h e r e f o r e   the   r o l l e r   88 

does   no t   p r e v e n t   the   m o t i o n   of  the   s e c o n d   body  a l o n g   t h e  

X - a x i s   as  t he   c r a n k   arm  moves  f rom  t h e   90°  p o s i t i o n   to  t h e  

270°  p o s i t i o n .   At  t he   270°  p o s i t i o n ,   h o w e v e r ,   the   p a r a l -  

l e l   s u r f a c e s   66,  66  move  o n t o   the   r o l l e r   90  a t   t he   s a m e  

t ime  as  t he   c r a n k   arm  r o l l e r   86  moves  o u t   of  t he   s u r f a c e s  

64,   64.  T h e r e f o r e ,   d u r i n g   r o t a t i o n   of  t he   c r a n k   arm  f r o m  

the   270°  p o s i t i o n   to  t h e   360°  p o s i t i o n   t he   r o l l e r   90  i n  

c o o p e r a t i o n   w i t h   t he   s u r f a c e s   66,  66  r e s t r a i n s   t he   s e c o n d  

body  40  to  m o t i o n   a l o n g   t he   v e r t i c a l   a x i s .  

The  r o t a r y   a c t u a t o r   f o r   d r i v i n g   the   c r a n k   arm  68  

may  t a k e   v a r i o u s   d i f f e r e n t   f o r m s   bu t   by  way  of  i l l u s t r a -  

t i o n ,   and  in  the   p r e s e n t l y   p r e f e r r e d   c a s e , t h e   a c t u a t o r   82  



i s   a  l i n e a r   to  r o t a r y   a i r   ove r   o i l   d e v i c e   as  shown  in  F i g .  

5.  R e f e r r i n g   to  t h i s   f i g u r e ,   the   a c t u a t o r   82  i n c l u d e s   t w o  

a l i g n e d   c y l i n d e r s   92  and  94  c a r r i e d   by  a  h o u s i n g   96  a n d  

r e c e i v i n g   p i s t o n s   98  and  100  j o i n e d   by  a  r a c k   102.   T h e  

r a c k   in  t u r n   m e s h e s   w i t h   and  d r i v e s   a  g e a r   104  f i x e d   t o  

t h e   o u t p u t   s h a f t   80.  The  s t r o k e   of  t he   r a c k   102  is   s u c h  

t h a t   t he   g e a r   104  and  s h a f t   80  a r e   d r i v e n   a p p r o x i m a t e l y  

360  d u r i n g   e a c h   l e f t w a r d   and  e a c h   r i g h t w a r d   s t r o k e   of  t h e  

r a c k   102 .   The  p i s t o n s   98  and  100  a r e   d r i v e n   by  o i l   s u p -  

p l i e d   f rom  r e s e r v o i r s   106  and  108  t h r o u g h   a d j u s t a b l e   f l o w  

r e g u l a t i n g   v a l v e s   107  and  109.   The  u p p e r   e n d s   of  t h e  

r e s e r v o i r s   106  and  108  a r e   c o n n e c t e d   to  a i r   l i n e s   110  a n d  

112  c o n n e c t e d   in  t u r n   to  a  s o l e n o i d   o p e r a t e d   v a l v e   1 1 4  

a l s o   c o n n e c t e d   to  a  c o m p r e s s e d   a i r   l i n e   116  and  an  e x h a u s t  

l i n e   118 .   The  s o l e n o i d   o p e r a t e d   v a l v e   i s   r e p e t i t i v e l y  

s w i t c h e d   b e t w e e n   one  s t a t e   a t   w h i c h   i t   c o n n e c t s   t h e   l i n e  

110  to  t he   c o m p r e s s e d   a i r   l i n e   116  and  t h e   l i n e   112  to  t h e  

e x h a u s t   l i n e   118  and  a n o t h e r   s t a t e   a t   w h i c h   i t   c o n n e c t s  

t h e   l i n e   l12   to  t he   c o m p r e s s e d   a i r   l i n e   116  and  t h e   o t h e r  

l i n e   110  to  t he   e x h a u s t   l i n e   118.   I t   w i l l   t h e r e f o r e   b e  

u n d e r s t o o d   t h a t   c o m p r e s s e d   a i r   is   f i r s t   a p p l i e d   to  t h e  

r e s e r v o i r   108  to  f o r c e   o i l   i n t o   t he   c y l i n d e r   92  to   d r i v e  

t h e   p i s t o n   98  and  r a c k   102  to  t he   l e f t ,   w h i l e   o i l   is  a t  

t he   same  t i m e   e x h a u s t e d   f rom  the   c y l i n d e r   94  to  t he   r e s e r -  

v o i r   106 .   Then  in  t h e   r e v e r s e   s t r o k e   o i l   i s   f o r c e   b y  

c o m p r e s s e d   a i r   f rom  t h e   r e s e r v o i r   106  to  d r i v e   t h e   p i s t o n  

100  and  r a c k   102  to  t h e   r i g h t   w h i l e   o i l   i s   e x h a u s t e d   f r o m  

the   c y l i n d e r   92  to  t h e   r e s e r v o i r   1 0 8 .  



Having   now  d e s c r i b e d   the  s t r u c t u r e   of  the  t r a n s -  

fe r   m e c h a n i s m   of  F ig .   1  i t s   s e q u e n c e   of  o p e r a t i o n s   may  b e  

r e v i e w e d   by  r e f e r e n c e s   to  F i g s .   6  t h r o u g h   10.  T h e s e  

f i g u r e s   show  in  s e q u e n c e   the   p a t h   t a k e n   by  a  p o i n t   A  f i x e d  

to  the  head   56  as  the  m e c h a n i s m   moves  t h r o u g h   the   f o r w a r d  

s t r o k e   of  i t s   c y c l e  -   t h a t   i s ,   as  the  c r a n k   arm  68  m o v e s  

c o u n t e r c l o c k w i s e   from  i t s   0 °  p o s i t i o n   to  i t s   360°   p o s i -  

t i o n .   F i g .   6  shows  the   p o s i t i o n   of  the  p a r t s   of  t h e  

m e c h a n i s m   at   the   0°  p o s i t i o n   of  the   c r a n k   arm.  S i m i l a r l y ,  

F i g .   7  shows  the   90°  p o s i t i o n   of  the   c r a n k   arm,  F i g .   8 

shows  t he   180°  p o s i t i o n   of  t he   c r a n k   arm,  F i g .   9  the   2 7 0 °  

p o s i t i o n   of  the   c r a n k   arm  and  F i g .   10  the   360°  p o s i t i o n   o f  

the  c r a n k   arm.  From  t h i s   i t   w i l l   be  n o t e d   t h a t   the   p o i n t  

A  moves  b e t w e e n   two  end  p o i n t s   120  and  122  a l o n g   an  i n -  

v e r t e d   U - s h a p e d   p a t h   124  d u r i n g   the   i l l u s t r a t e d   f o r w a r d  

s t r o k e .   D u r i n g   the  f o l l o w i n g   r e t u r n   s t r o k e  -   t h a t   i s ,   a s  

the  c r a n k   arm  68  moves  in  t he   c l o c k w i s e   d i r e c t i o n   f rom  t h e  

360°  p o s i t i o n   of  F i g .   10  to  t he   0°  p o s i t i o n   of  F i g .   6  t h e  

head  56  and  p o i n t   A  w i l l   r e t r a c e   the   U - s h a p e d   p a t h   124  i n  

the  r e v e r s e   d i r e c t i o n   to  move  the   p o i n t   A  f rom  the   e n d  

p o i n t   122  to  the  end  p o i n t   1 2 0 .  



1.  A  t r a n s f e r   m e c h a n i s m   h a v i n g   a  t o o l   m o u n t i n g  

s u r f a c e   m o v a b l e   a l o n g   a  p a t h   e x t e n d i n g   in  two  c o o r d i n a t e  

d i r e c t i o n s   b e t w e e n   two  s p a c e d   end  s t a t i o n s ,   s a i d   t r a n s f e r  

m e c h a n i s m   c o m p r i s i n g   a  b a s e   (32 ,   3 4 ) ,   a  f i r s t   body  ( 3 6 ) ,  

m e a n s   (46)  s u p p o r t i n g   s a i d   f i r s t   body  f o r   movemen t   r e l a -  

t i v e   to  s a i d   b a s e   a l o n g   a  f i r s t   a x i s   (38)  f i x e d   r e l a t i v e  

to  s a i d   b a s e ,   a  s e c o n d   body  ( 4 0 ) ,   m e a n s   (44)  s u p p o r t i n g  

s a i d   s e c o n d   body   f o r   m o v e m e n t   r e l a t i v e   to  s a i d   f i r s t   b o d y  

a l o n g   a  s e c o n d   a x i s   (42)  f i x e d   r e l a t i v e   to  s a i d   f i r s t   b o d y  

and  g e n e r a l l y   p e r p e n d i c u l a r   to  s a i d   f i r s t   a x i s ,   a  c r a n k  

arm  ( 6 8 ) ,   m e a n s   ( 72 ,   74)  s u p p o r t i n g   s a i d   c r a n k   arm  f o r  

m o v e m e n t   r e l a t i v e   to  s a i d   b a s e   a b o u t   a  t h i r d   a x i s   ( 7 0 )  

f i x e d   r e l a t i v e   to  s a i d   b a s e   and  g e n e r a l l y   p e r p e n d i c u l a r   t o  

t h e   p l a n e   of   s a i d   f i r s t   and  s e c o n d   a x e s ,   f i r s t   c o e n g a g i n g  

means   ( 5 2 ,   84)  b e t w e e n   s a i d   c r a n k   arm  and  s a i d   f i r s t   b o d y  

f o r   m o v i n g   s a i d   f i r s t   body  a l o n g   s a i d   f i r s t   a x i s   r e l a t i v e  

to  s a i d   b a s e   in  r e s p o n s e   to  r o t a t i o n   of  s a i d   c r a n k   a r m  

a b o u t   s a i d   t h i r d   a x i s   t h r o u g h o u t   a t   l e a s t   a  p o r t i o n   of  a  

f u l l   r e v o l u t i o n   of  s a i d   c r a n k   a rm,   s e c o n d   c o e n g a g i n g   m e a n s  

(62 ,   86)  s e p a r a t e   f rom  s a i d   f i r s t   c o e n g a g i n g   means   b e t w e e n  

s a i d   c r a n k   arm  and  s a i d   s e c o n d   body  f o r   moving   s a i d   s e c o n d  

body   a l o n g   s a i d   s e c o n d   a x i s   r e l a t i v e   to  s a i d   f i r s t   body  i n  

r e s p o n s e   to  r o t a t i o n   of  s a i d   c r a n k   arm  a b o u t   s a i d   t h i r d  

a x i s   t h r o u g h o u t   a t   l e a s t   a  p o r t i o n   of  a  f u l l   r e v o l u t i o n   o f  

s a i d   c r a n k   a rm,   m e a n s   (82)  f o r   d r i v i n g   s a i d   c r a n k   arm  b a c k  

and  f o r t h   a b o u t   s a i d   t h i r d   a x i s ,   and  a  t o o l   m o u n t i n g   s u r -  



f a c e   (24)  on  s a i d   s e c o n d   b o d y .  

2.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   f i r s t   a x i s   (38)  b e i n g   h o r i -  

z o n t a l ,   and  s a i d   c o e n g a g i n g   means  b e t w e e n   s a i d   f i r s t   b o d y  

and  s a i d   c r a n k   arm  i n c l u d i n g   a  means   (52)  p r o v i d i n g   a 

h o r i z o n t a l   d o w n w a r d l y   f a c i n g   s u r f a c e   (54)  f i x e d   to  s a i d  

f i r s t   b o d y ,   and  a  p r o t r u d i n g   member  (84)  on  s a i d   c r a n k   a r m  

e n g a g e a b l e   w i t h   s a i d   h o r i z o n t a l   d o w n w a r d l y   f a c i n g   s u r f a c e .  

3.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   f i r s t   c o e n g a g i n g   means   b e -  

tween   s a i d   f i r s t   body   and  s a i d   c r a n k   arm  i n c l u d i n g   m e a n s  

(52)  p r o v i d i n g   a  p a i r   of  s p a c e d   p a r a l l e l   s u r f a c e s   ( 5 4 )  

f a c i n g   one  a n o t h e r ,   f i x e d   to  s a i d   f i r s t   body   and  a r r a n g e d  

g e n e r a l l y   p e r p e n d i c u l a r   to  s a i d   f i r s t   a x i s ,   and  a  p r o t r u d -  

ing  member  (84)  on  s a i d   c r a n k   arm  l o c a t e d   b e t w e e n   s a i d  

p a i r   of  p a r a l l e l   s u r f a c e s .  

4.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   3 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   p r o t r u d i n g   member   b e i n g   a 

r o l l e r   (84)  s u p p o r t e d   on  s a i d   c r a n k   arm  fo r   r o t a t i o n   a b o u t  

an  a x i s   f i x e d   r e l a t i v e   to  s a i d   c r a n k   arm  and  s p a c e d   f r o m  

and  p a r a l l e l   to  s a i d   t h i r d   a x i s .  

5.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   s e c o n d   c o e n g a g i n g   m e a n s  

b e t w e e n   s a i d   s e c o n d   body  and  s a i d   c r a n k   arm  i n c l u d i n g  

means   (62)  p r o v i d i n g   a  p a i r   of  p a r a l l e l   s u r f a c e s   ( 6 4 )  

f a c i n g   one  a n o t h e r ,   f i x e d   r e l a t i v e   to  s a i d   s e c o n d   body  a n d  

a r r a n g e d   g e n e r a l l y   p e r p e n d i c u l a r   to  s a i d   s e c o n d   a x i s ,   a n d  

a  p r o t r u d i n g   member  (86)  on  s a i d   c r a n k   arm  l o c a t e d   b e t w e e n  



s a i d   p a i r   of  p a r a l l e l   s u r f a c e s   t h r o u g h o u t   at  l e a s t   a 

p o r t i o n   of  a  f u l l   r e v o l u t i o n   of  s a i d   c r a n k   a r m .  

6.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   5 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   p r o t r u d i n g   member  b e i n g   a 

r o l l e r   (86)   s u p p o r t e d   by  s a i d   c r a n k   arm  fo r   r o t a t i o n   a b o u t  

an  a x i s   f i x e d   r e l a t i v e   to  s a i d   c r a n k   arm  and  s p a c e d   f r o m  

and  p a r a l l e l   to  s a i d   t h i r d   a x i s .  

7.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   f i r s t   c o e n g a g i n g   m e a n s  

b e t w e e n   s a i d   f i r s t   body   and  s a i d   c r a n k   arm  i n c l u d i n g   a  

m e a n s   (52)   p r o v i d i n g   a  f i r s t   p a i r   of  p a r a l l e l   s u r f a c e s  

(54)  f i x e d   r e l a t i v e   to  s a i d   f i r s t   b o d y ,   f a c i n g   one  a n o t h e r  

and  a r r a n g e d   g e n e r a l l y   p e r p e n d i c u l a r   to  s a i d   f i r s t   a x i s ,  

and  a  f i r s t   p r o t r u d i n g   member   (84)  on  s a i d   c r a n k   arm  l o -  

c a t e d   b e t w e e n   s a i d   f i r s t   p a i r   of  p a r a l l e l   s u r f a c e s ,   a n d  

s a i d   s e c o n d   c o e n g a g i n g   m e a n s   b e t w e e n   s a i d   s e c o n d   body  a n d  

s a i d   c r a n k   arm  i n c l u d i n g   a  means   (62)  p r o v i d i n g   a  s e c o n d  

p a i r   of  p a r a l l e l   f a c i n g   s u r f a c e s   (64)  f a c i n g   one  a n o t h e r ,  

f i x e d   r e l a t i v e   to  s a i d   s e c o n d   body  and  a r r a n g e d   g e n e r a l l y  

p e r p e n d i c u l a r   to  s a i d   s e c o n d   a x i s ,   and  a  s e c o n d   p r o t r u d i n g  

member   (86)   on  s a i d   c r a n k   arm  l o c a t e d   b e t w e e n   s a i d   s e c o n d  

p a i r   of  p a r a l l e l   s u r f a c e s   t h r o u g h o u t   a t   l e a s t   a  p o r t i o n   o f  

a  f u l l   r e v o l u t i o n   of  s a i d   c r a n k   a r m .  

8.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   7 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   f i r s t   p r o t r u d i n g   member  b e -  

ing  a  r o l l e r   (84)  s u p p o r t e d   by  s a i d   c r a n k   arm  for   r o t a t i o n  

a b o u t   an  a x i s   f i x e d   r e l a t i v e   to  s a i d   c r a n k   arm  and  s p a c e d  

f rom  and  p a r a l l e l   to  s a i d   t h i r d   a x i s ,   and  s a i d   s e c o n d   p r o -  



t r u d i n g   member  b e i n g   a  s e c o n d   r o l l e r   (86)  c a r r i e d   by  s a i d  

c r a n k   arm  for   r o t a t i o n   a b o u t   an  a x i s   f i x e d   r e l a t i v e   t o  

s a i d   c r a n k   arm  and  s p a c e d   from  and  p a r a l l e l   to  s a i d   t h i r d  

a x i s .  

9.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   5 

w h e r e i n   t he   m o v e m e n t   of  s a i d   c r a n k   arm  is   m e a s u r e d   i n  

t e r m s   of  360°  f o r   a  f u l l   r e v o l u t i o n   a b o u t   s a i d   t h i r d   a x i s  

w i t h   t h e   0°  (and  360  °)  p o s i t i o n   b e i n g   one  of  the   two  a t  

w h i c h   s a i d   p r o t r u d i n g   member   (86)  i s   l o c a t e d   in  t he   p l a n e  

which   c o n t a i n s   s a i d   t h i r d   a x i s   (70)  and  is  p e r p e n d i c u l a r  

to  s a i d   s e c o n d   a x i s ,   f u r t h e r   c h a r a c t e r i z e d   by  s a i d   t w o  

p a r a l l e l   s u r f a c e s   (64)  b e i n g   so  a r r a n g e d   t h a t   t h e y   t e r m i -  

n a t e   in  a  f i r s t   mouth   (67)  g e n e r a l l y  f a c i n g   the   0°  p o s i -  

t i o n   of  s a i d   p r o t r u d i n g   member  of  s a i d   c r a n k   a r m ,   s a i d  

p a r a l l e l   s u r f a c e s   b e i n g   f u r t h e r   so  a r r a n g e d   t h a t   s a i d  

mouth  when  s a i d   c r a n k   i s   in  i t s   90°  p o s i t i o n   and  in  i t s  

270°  p o s i t i o n   is  p o s i t i o n e d   on  the   p l a n e   w h i c h   c o n t a i n s  

s a i d   t h i r d   a x i s   (70)  and  is  p a r a l l e l   to  s a i d   s e c o n d   a x i s  

( 4 2 ) ,   w h e r e b y   s a i d   p r o t r u d i n g   member  (86)  i s   l o c a t e d  

b e t w e e n   s a i d   p a r a l l e l   f a c e s   (64)  and  moves  s a i d   s e c o n d  

body  r e l a t i v e   to  s a i d   f i r s t   body  a l o n g   s a i d   s e c o n d   a x i s  

(42)  as  s a i d   c r a n k   arm  moves   t h r o u g h   a  r a n g e   a t   w h i c h   i t s  

a n g l e   6  is  9 0 °  ≤   @ @  270°  and  w h e r e b y   s a i d   p r o t r u d i n g  

member  (86)  is   r e m o v e d   from  b e t w e e n   s a i d   f a c e s   (64)  a n d  

d o e s   no t   move  s a i d   s e c o n d   body  r e l a t i v e   to  s a i d   f i r s t   b o d y  

a l o n g   s a i d   s e c o n d   a x i s   (42)  as  s a i d   c r a n k   arm  m o v e s  

t h r o u g h   a  r a n g e   a t   w h i c h   i t s   a n g l e   9  is  0° @  @ @  90°  o r  

t h r o u g h   a  r a n g e   at   w h i c h   i t s   a n g l e   9  is   2 7 0 °  @   @ @  3 6 0 ° ,  



and  a  b a s e   s u p p o r t e d   p a i r   of  p r o t r u d i n g   m e m b e r s   (88,   9 0 )  

l o c a t e d   on  a x e s   f i x e d   r e l a t i v e   to  s a i d   b a s e ,   and  m e a n s  

(62)  p r o v i d i n g   a n o t h e r   p a i r   of  p a r a l l e l   s u r f a c e s   ( 66 )  

f a c i n g   one  a n o t h e r ,   f i x e d   r e l a t i v e   to  s a i d   s e c o n d   body  a n d  

a r r a n g e d   g e n e r a l l y   p e r p e n d i c u l a r   to  s a i d   s e c o n d   a x i s ,   s a i d  

a n o t h e r   p a i r   of   s u r f a c e s   (66)  a l s o   t e r m i n a t i n g   in  a  s e c o n d  

mou th   f a c i n g   in  t he   same  d i r e c t i o n   as  s a i d   f i r s t   m o u t h ,  

t h e   f i r s t   (88)  of   s a i d   b a s e   s u p p o r t e d   p r o t r u d i n g   m e m b e r s  

b e i n g   l o c a t e d   so  as  to  be  a t   s a i d   s e c o n d   mouth   when  s a i d  

c r a n k   arm  is   a t   i t s   90°  p o s i t i o n   and  the   s e c o n d   (90)  o f  

s a i d   b a s e   s u p p o r t e d   p r o t r u d i n g   members   b e i n g   l o c a t e d   so  a s  

to  be  a t   s a i d   s e c o n d   mouth   when  s a i d   c r a n k   arm  is  at   i t s  

270°   p o s i t i o n ,   w h e r e b y   s a i d   f i r s t   ba se   p r o t r u d i n g   m e m b e r  

(88)  b e c o m e s   p o s i t i o n e d   b e t w e e n   s a i d   two  p a r a l l e l   f a c e s  

of  s a i d   s e c o n d   body   as  s a i d   c r a n k   arm  moves   t h r o u g h   a  

r a n g e   a t   w h i c h   i t s   a n g l e   6  is  0° @  @ @  90°  and  s a i d  

s e c o n d   b a s e   p r o t r u d i n g   member   (90)  b e c o m e s   p o s i t i o n e d  

b e t w e e n   s a i d   two  p a r a l l e l   f a c e s   of  s a i d   s e c o n d   body  a s  

s a i d   c r a n k   arm  moves   t h r o u g h   a  r a n g e   a t   wh ich   i t s   a n g l e   8 

is   2 7 0 °  <   @ @  3 6 0 ° .  

10.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   9 

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   means   (82)  fo r   d r i v i n g   s a i d  

c r a n k   arm  back   and  f o r t h   a b o u t   s a i d   t h i r d   a x i s   (70)  b e i n g  

o p e r a b l e   d u r i n g   e a c h   c y c l e   of  o s c i l l a t i o n   to  d r i v e   s a i d  

c r a n k   arm  f rom  a p p r o x i m a t e l y   i t s   0°  p o s i t i o n   to  a p p r o x i -  

m a t e l y   i t s   3 6 0 °   p o s i t i o n   in  a  f o r w a r d   s t r o k e   in  one  d i r e c -  

t i o n   of  r o t a t i o n   a b o u t   s a i d   t h i r d   a x i s   and  from  a p p r o x i -  

m a t e l y   i t s   3 6 0 °   p o s i t i o n   to  a p p r o x i m a t e l y   i t s   0°  d e g r e e  



p o s i t i o n   in  a  r e t u r n   s t r o k e   in  the   o p p o s i t e   d i r e c t i o n   o f  

r o t a t i o n .  

11.  A  t r a n s f e r   m e c h a n i s m   h a v i n g   a  t o o l   m o u n t i n g  

s u r f a c e   (24)  m o v a b l e   a l o n g   a  p a t h   (124)  e x t e n d i n g   in  t w o  

c o o r d i n a t e   d i r e c t i o n s   b e t w e e n   two  s p a c e d   end  s t a t i o n s  

(120 ,   1 2 2 ) ,   s a i d   t r a n s f e r   m e c h a n i s m   c o m p r i s i n g   a  b a s e   ( 3 2 ,  

3 4 ) ,   a  f i r s t   body  (36)  s u p p o r t e d   fo r   m o v e m e n t   r e l a t i v e   t o  

s a i d   b a s e   a l o n g   a  f i r s t   a x i s   (38)  f i x e d   r e l a t i v e   to  s a i d  

b a s e ,   a  s e c o n d   body  (40)  s u p p o r t e d   on  s a i d   f i r s t   body  f o r  

m o v e m e n t   r e l a t i v e   to  s a i d   f i r s t   body   (36)  a l o n g   a  s e c o n d  

a x i s   (42)  f i x e d   r e l a t i v e   to  s a i d   f i r s t   body  and  g e n e r a l l y  

p e r p e n d i c u l a r   to  s a i d   f i r s t   a x i s ,   a  c r a n k   arm  (68)  s u p -  

p o r t e d   by  s a i d   b a s e   f o r   m o v e m e n t   r e l a t i v e   t h e r e t o   a b o u t   a  

t h i r d   a x i s   (70)  f i x e d   r e l a t i v e   to  s a i d   b a s e   and  g e n e r a l l y  

p e r p e n d i c u l a r   to  the   p l a n e   of  s a i d   f i r s t   and  s e c o n d   a x e s ,  

means   (82)  for   r e p e a t e d l y   d r i v i n g   s a i d   c r a n k   arm  back   a n d  

f o r t h   a b o u t   s a i d   t h i r d   a x i s   t h r o u g h   r e p e a t e d   c y c l e s   e a c h  

i n c l u d i n g   a  f o r w a r d   s t r o k e   s t a r t i n g   a t   a p p r o x i m a t e l y   a  0 °  

p o s i t i o n   and  e n d i n g   a t   a p p r o x i m a t e l y   a  360°  p o s i t i o n   and  a  

r e t u r n   s t r o k e   in  t he   o p p o s i t e   d i r e c t i o n   of  r o t a t i o n   s t a r t -  

ing  at   s a i d   a p p r o x i m a t e l y   360°  p o s i t i o n   and  e n d i n g   a t   s a i d  

a p p r o x i m a t e l y   0°  p o s i t i o n ,   a  f i r s t   p r o t r u d i n g   member   ( 8 4 )  

on  s a i d   c r a n k   arm  ( 6 8 ) ,   means   (52)  p r o v i d i n g   a  p a i r   o f  

s p a c e d   p a r a l l e l   s u r f a c e s   (54)  on  s a i d   f i r s t   body  e x t e n d i n g  

g e n e r a l l y   p a r a l l e l   to  s a i d   s e c o n d   a x i s   and  e n g a g i n g   o p p o -  

s i t e   s i d e s  o f   s a i d   f i r s t   p r o t r u d i n g   member  so  as  to  m o v e  

s a i d   f i r s t   body  a l o n g   s a i d   f i r s t   a x i s   (38)  in  r e s p o n s e   t o  

r o t a t i o n   of  s a i d   c r a n k   arm  t h r o u g h o u t   t he   f u l l   e x t e n t   o f  



e a c h   f o r w a r d   s t r o k e   and  e a c h   r e t u r n   s t r o k e   of  s a i d   c r a n k  

a r m ,   a  s e c o n d   p r o t r u d i n g   member  (86)  on  s a i d   c r a n k   a r m ,  

m e a n s   (62)  p r o v i d i n g   a  s e c o n d   p a i r   of  s p a c e d   p a r a l l e l  

s u r f a c e s   (64)  on  s a i d   s e c o n d   b o d y ,   s a i d   s e c o n d   p a i r   o f  

p a r a l l e l   s u r f a c e s   e x t e n d i n g   g e n e r a l l y   p a r a l l e l   to  s a i d  

f i r s t   a x i s   (38)  and  b e i n g   a r r a n g e d   to  r e c e i v e   b e t w e e n   t h e m  

s a i d   s e c o n d   p r o t r u d i n g   member   (86)  of  s a i d   c r a n k   a r m  

d u r i n g   a  p o r t i o n   of  e a c h   f o r w a r d   s t r o k e   and  d u r i n g   a 

c o r r e s p o n d i n g   p o r t i o n   of   e a c h   r e t u r n   s t r o k e   of  s a i d   c r a n k  

arm  so  as  to  move  s a i d   s e c o n d   body  r e l a t i v e   to  s a i d   f i r s t  

b o d y   a l o n g   s a i d   s e c o n d   a x i s   (42)  d u r i n g   t h e   t i m e   s a i d  

s e c o n d   p r o t r u d i n g   member   is  r e c e i v e d   b e t w e e n   s a i d   s e c o n d  

p a i r   of   p a r a l l e l   s u r f a c e s ,   and  a  t o o l   m o u n t i n g   s u r f a c e  

(24)  on  s a i d   s e c o n d   b o d y .  

12.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   11  

f u r t h e r   c h a r a c t e r i z e d   by  m e a n s   (62)  p r o v i d i n g   a  t h i r d   p a i r  

o f   p a r a l l e l   s u r f a c e s   (66)  on  s a i d   s e c o n d   body  w h i c h   t h i r d  

p a i r   of   s u r f a c e s   f a c e   one  a n o t h e r   and  e x t e n d   g e n e r a l l y  

p a r a l l e l   to  s a i d   f i r s t   a x i s   ( 3 8 ) ,   and  p r o t r u d i n g   m e a n s  

( 8 8 ,   90)  on  s a i d   b a s e   a r r a n g e d   to  e n t e r   b e t w e e n   s a i d   t h i r d  

p a i r   of   p a r a l l e l   s u r f a c e s   (66)  to  p r e v e n t   m o v e m e n t   of  s a i d  

s e c o n d   body   r e l a t i v e   to  s a i d   f i r s t   body  a l o n g   s a i d   s e c o n d  

a x i s   d u r i n g   the   t i m e s   s a i d   s e c o n d   p r o t r u d i n g   member  o f  

s a i d   c r a n k   arm  is   o u t   of  e n g a g e m e n t   w i t h   s a i d   s e c o n d   p a i r  

o f   p a r a l l e l   s u r f a c e s   on  s a i d   s e c o n d   b o d y .  

13.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   1 2  

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   s e c o n d   p a r a l l e l   s u r f a c e s  

(64)  on  s a i d   s e c o n d   b o d y   (40)  b e i n g   a r r a n g e d   so  t h a t   s a i d  



s e c o n d   p r o t r u d i n g   member  (86)  on  s a i d   c r a n k   arm  (68)  d u r -  

ing  m o v e m e n t   of  s a i d   c r a n k   arm  in  a  f o r w a r d   s t r o k e   s t a r t s  

to  e n t e r   s a i d   s e c o n d   p a i r   of  p a r a l l e l   s u r f a c e s   when  s a i d  

c r a n k   arm  r e a c h e s   i t s   90°  p o s i t i o n   and  s t a r t s   to  l e a v e  

s a i d   s e c o n d   p a i r   of  p a r a l l e l   s u r f a c e s   when  s a i d   c r a n k   a r m  

r e a c h e s   i t s   270°  p o s i t i o n ,   s a i d   p r o t r u d i n g   means   on  s a i d  

base   i n c l u d i n g   a  t h i r d   p r o t r u d i n g   member  (88)  f i x e d   r e l a -  

t i v e   to  s a i d   base   and  a r r a n g e d   so  as  to  be  r e c e i v e d   b e -  

tween   s a i d   t h i r d   p a i r   of  p a r a l l e l   s u r f a c e s   (66)  as  s a i d  

c r a n k   arm  moves   from  i t s   0 ° t o   i t s   90°  p o s i t i o n ,   and  a 

s e c o n d   p r o t r u d i n g   member  (90)  f i x e d   r e l a t i v e   to  s a i d  b a s e  

and  a r r a n g e d   so  as  to  be  r e c e i v e d   b e t w e e n   s a i d   t h i r d   p a i r  

of  p a r a l l e l   s u r f a c e s   (66)  as  s a i d   c r a n k   arm  moves   f rom  i t s  

270°  p o s i t i o n   to  i t s   360°  p o s i t i o n .  

14.  A  t r a n s f e r   m e c h a n i s m   as  d e f i n e d   in  c l a i m   1 3  

f u r t h e r   c h a r a c t e r i z e d   by  s a i d   s e c o n d   body  (40)  h a v i n g  

f i x e d   t h e r e t o   two  p a r a l l e l   s p a c e d   p l a t e s   (62)  w i t h   s a i d  

p a i r   of  p l a t e s   p r o v i d i n g   b o t h   s a i d   s e c o n d   p a i r   of  p a r a l l e l  

s u r f a c e s   (64)  and  s a i d   t h i r d   p a i r   of  p a r a l l e l   s u r f a c e s  

( 6 6 ) .  

15.  A  t r a n s f e r   m e c h a n i s m   h a v i n g   a  t o o l   m o u n t i n g  

s u r f a c e   (24)  m o v a b l e   a l o n g   a  p a t h   (124)  e x t e n d i n g   in  t w o  

c o o r d i n a t e   d i r e c t i o n s   b e t w e e n   two  s p a c e d   end  s t a t i o n s  

(120 ,   1 2 2 ) ,   s a i d   t r a n s f e r   m e c h a n i s m   c o m p r i s i n g   a  b a s e   ( 3 2 ,  

3 4 ) ,   a  f i r s t   body  (36)  s u p p o r t e d   by  s a i d   b a s e   fo r   m o v e m e n t  

r e l a t i v e   t h e r e t o   a l o n g   a  f i r s t   a x i s   (38)  f i x e d   r e l a t i v e   t o  

s a i d  b a s e ,   a  s e c o n d   body  (40)  s u p p o r t e d   by  s a i d   f i r s t   b o d y  

for   m o v e m e n t   r e l a t i v e   to  s a i d   f i r s t   body  a l o n g  a   s e c o n d  



a x i s   (42)  f i x e d   r e l a t i v e   to  s a i d   f i r s t   body   and  g e n e r a l l y  

p e r p e n d i c u l a r   to  s a i d   f i r s t   a x i s ,   a  c r a n k   arm  (68)  s u p -  

p o r t e d   by  s a i d   b a s e   fo r   m o v e m e n t   r e l a t i v e   t h e r e t o   a b o u t   a 

t h i r d   a x i s   (70)  f i x e d   r e l a t i v e   to  s a i d   b a s e   and  g e n e r a l l y  

p e r p e n d i c u l a r   to  t he   p l a n e   of  s a i d   f i r s t   and  s e c o n d   a x e s ,  

m e a n s   (82)  f o r   d r i v i n g   s a i d   c r a n k   arm  (68)  back   and  f o r t h  

a b o u t   s a i d   t h i r d   a x i s   (70)  r e l a t i v e   to  s a i d   b a s e   t h r o u g h  

r e p e a t e d   c y c l e s   e a c h   i n c l u d i n g   a  f o r w a r d   s t r o k e   of  s u b -  

s t a n t i a l l y   more  180  and  a  c o r r e s p o n d i n g   r e t u r n   s t r o k e ,  

c o e n g a g i n g   means   ( 5 2 ,   84)  b e t w e e n   s a i d   c r a n k   arm  and  s a i d  

f i r s t   body   fo r   m o v i n g   s a i d   f i r s t   body  r e l a t i v e   to  s a i d  

b a s e   a l o n g   s a i d   f i r s t   a x i s   in  r e s p o n s e   to  m o v e m e n t   of  s a i d  

c r a n k   arm  d u r i n g   t h e   f u l l   e x t e n t   of  e a c h   of  i t s   f o r w a r d  

and  r e t u r n   s t r o k e s ,   a  p r o t r u d i n g   member  (86)  on  s a i d   c r a n k  

a r m ,   m e a n s   (62)  p r o v i d i n g   a  p a i r   of  s p a c e d   p a r a l l e l   s u r -  

f a c e s   (64)  on  s a i d   s e c o n d   body  wh ich   p a r a l l e l   s u r f a c e s  

f a c e   one  a n o t h e r   and  e x t e n d   g e n e r a l l y   p a r a l l e l   to  s a i d  

f i r s t   a x i s ,   s a i d   p a r a l l e l   s u r f a c e s   (64)  b e i n g   f u r t h e r  

a r r a n g e d   to  r e c e i v e   s a i d   p r o t r u d i n g   member  (86)  of  s a i d  

c r a n k   arm  d u r i n g   a  p o r t i o n   of  e a c h   f o r w a r d   and  r e t u r n  

s t r o k e   of   s a i d   c r a n k   arm  so  as  to  move  s a i d   s e c o n d   b o d y  

r e l a t i v e   to  s a i d   f i r s t   body   a l o n g   s a i d   s e c o n d   a x i s   (42)  i n  

r e s p o n s e   to  s u c h   r o t a t i o n   of  s a i d   c r a n k   a r m ,   s a i d   p a i r   o f  

p a r a l l e l   s u r f a c e s   b e i n g   f u r t h e r   so  a r r a n g e d   t h a t   t h e y   a r e  

f r e e   of   s a i d   c r a n k   arm  p r o t r u d i n g   member  d u r i n g   a  b e g i n -  

n i n g   and  an  end  p o r t i o n   of  e a c h   f o r w a r d   and  e a c h   r e t u r n  

s t r o k e   of  s a i d   c r a n k   a r m ,   and  c o e n g a g i n g   m e a n s   (62 ,   8 8 ,  

90)  on  s a i d   s e c o n d   body   and  s a i d   ba se   fo r   r e s t r a i n i n g   s a i d  



s e c o n d   body  a g a i n s t   m o v e m e n t   r e l a t i v e   to  s a i d   f i r s t   b o d y  

a l o n g   s a i d   s e c o n d   a x i s   d u r i n g   t h o s e   t i m e s   at   which   s a i d  

c r a n k   arm  p r o t r u d i n g   member  is  f r e e   of  s a i d   p a r a l l e l   s u r -  

f a c e s ,   and  a  t o o l   m o u n t i n g   s u r f a c e   (24)  on  s a i d   s e c o n d  

b o d y .  
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